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CROSS REFERENCE TO RELATED APPLICATION 

5 This application claims the benefit of prior filed co-pending Provisional 

Applications No. 60/168,466 filed on December 01, 1999 entitled "nil, FTS, 13, 
Over Symmetrical VDSL" \^iiich are mcorporated herein by reference in their entirety 
as if fidly set forth herein. 



10 BACKGROUND OF THE INVENTION 



1. Field of Invention 

The present invention relates in general the communications systems and is particularly 
directed to a mechanism for providmg NxTl, fi*actional Tl and packet based services 
1 5 over symmetric X-DSL protocols. 

2, Description of the Related Art 

North American Integrated Service Digital Network (ISDN) Standard, defined by the 
American National Standard Institute (ANSI), regulates the protocol of information 

20 transmissions over telephone lines. In particular, the ISDN standard regulates the rate at 
which information can be transmitted and in v^tot format. ISDN allows full duplex digital 
transmission of two 64 kilo bit per second data channels. These data rates m^ easily be 
achieved over the trunk lines, wiiich connect the telephone con5)anies' central offices. 
TTie problem lies in passing these signals across the subscriber line between the central 

25 ofiBce and the business or residential user. These lines were originally constructed to 
handle voice traffic in the narrow band between 300 Hz to 3000 Hz at bandwidths 
equivalent to several kilo baud. 

Digital Subscriber Lines (DSL) technology and improvemoits thereon 
including: G.Lite, ADSL, VDSL, HDSL all of wtoch are broadly identified as X-DSL have 

30 been developed to increase the effective bandwidth of existing subscriber line connections. 
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without requiring the ir^tallation of new fiber optic cable An X-DSL modem operates at 
frequencies higher than the voice band frequencies, thus an X-DSL modem may operate 
simultaneously with a voice band modem or a telephone conversation The available rates 
for X-DSL communications are inaeasing with each new standard. Currently ftere are 
5 over ten discrete X-DSL standards, including: G.Lite, ADSL, VDSL, SDSL, MDSL, 
RADSL, HDSL, etc. 

Typically provisioning of any one of the standards is directed to the provision 
of a specific type of service, e.g. video on demand. What is needed are more flexible 
ways of provisioning data across these increasingly high bandwidth X-DSL links. 

10 

SUMMARY OF THE INVENTION 

An method and apparatus for provisioning multiple Next and fractional Tl along 
with packet based communications over a shared X-DSL communication link is 

15 disclosed. The communication link may be wired or wireless. The current invention 
provides a method and apparatus for flexibly provisioning businesses and other high 
bandwidth users, with muhiple communication channels and multiple service types, 
both packet based and SDM/TDM. An efi&cient and configurable method and 
apparatus for multiplexing of both packets and STM channels on to a single VDSL 

20 frame is disclosed- At the receiver in the NT the VDSL receiver as explained is 

configured to de-multiplex individual channels and route them to individual users/suits 
within the building. 



25 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of the present invention will become more 
apparent to those skilled in the art from the following detailed description in 
conjunction with the appended drawings in which: 
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FIG. 1 shows a communication system with a pair of multi-mode multi-channel 
modem line cards coupled to one another over a subscriber line between a public 
switched telephone network (PSTN) central office (CO) and a remote site. 

5 FIG. 2 shows is a detailed hardware block diagram of the transport layer 

functionality for providing mijltiple discrete time division multiplexed and packet based 
communication channels over a symmetric X-DSL communication link. 

FIGS. 3A shows a sequaitial TDM payload frames structure wiiich allows 
10 demultiplexing of the multiple diannels and TDM frame synchronization at the remote 
site. 

FIG. 3B is a hardware block diagram of the TDM frame synchronizer shovwi in 
HG. 2. 

FIG. 4 is a process flow diagram for the payload framer shown in FIG. 2. 
15 FIG. 5 is a process flow diagram for the Tl frame synchronizer shown in FIG 2. 



DETAILED DESCRIPTION OF THE EMBODIMENTS 

20 As the penetration of fiber into the local loop increases a vAiole set of new 

services will become available. The nature of services offered by local telephone 
operator varies from customer to customer. One particular set of applications is 
related to the delivery of higji speed data and voice over VDSL to businesses and other 
high bandwidth users. VDSL for exanple carries high data rates (6-50 Mbits 

25 symmetric) over copper from an Optical Network Unit (ONU) to a Network Terminal 
(NT) located in the wiring closet or Basement. Typically in a building wiiere the NT is 
located there might be any number of business suits/users with different size and with 
different service needs. However two are fundamental challenges: 

1 . There will be two types of traflSc: STM/TDM and packet based 

30 2. The traffic offered will be bursty in nature 

Hie current invention provides a method and apparatus for flexibly provisioning 
businesses and other high bandwidth users, with multiple communication dianneis and 
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multiple service types, both packet based and SDM/TDM. An efficient and 
configurable method and apparatus for multiplexing of both packets and STM channels 
on to a single VDSL fi-ame is disclosed. At the receiver in the NT the VDSL receiver 
as explained here has de-multiplex data and route them to individual users/suits within 
5 the building. 

FIGS. 1 shows a communication system with a pair of midti-mode multi-chamel 
modem line cards coupled to one another by a binder of subscriber lines between a 
public switched telephone network (PSTN) central office (CO) and a remote site. The 
10 system includes a CO 100 and a remote line card 1 56 positioned at a remote terminal 
150. 

Each of the subscriber line connections terminates on the CO end, in the frame 
room 102 of the CO. From this room connections are made for each subscriber line 
via splitters and l^rbrids to both a DSLAM 104 and to the voice band racks 106. The 

15 splitter shunts voice band communications to dedicated line cards, e.g. line card 1 12 or 
to a voice band modem pool (not shown). The sphtter shunts higher frequency X-DSL 
communications on the subscriber line to a selected line card, e.g. line card 116, within 
DSLAM 104, The line cards of the current invention are universal, meaning they can 
handle any current or evolving standard of X-DSL and may be upgraded on the fly to 

20 handle new standards. 

Voice band call set iq> is controlled by a Telco switch matrix 114 such as SS7. 
This makes point-to-point connections to other subsaibers for voice band 
communications across the public switched telephone network 132, The X-DSL 
communications may be processed by a universal line card such as line card 116. That line 

25 card includes a plurality of AFE's 1 1 8- 1 20 each capable of supporting a plurality of 

subscriber lines. The AFEs are coupled via a packet based bus 122 to the DSP 124. For 
downstream communications from the CO to the remote site, the DSP modulates the data 
for each communication channel, the AFE transforms the digital symbol packets assembled 
by the DSP and converts them to an analog signal \^iuch is output on the subscriber line 

30 associated with the respective channel. The DSP is capable of multi-protocol support for 
all subscriber lines to vMch the AFE's are coupled. Communications between AFE's and 
DSP(s) may be packet based, in vAnch embodiment of the invention a distributed 
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architecture such as will be set forth in the foUowing FIG, 2 may be implemented. The 
line card 116 is coupled to a back-plane bus 128 ^\4uch may be capable of oflaoading and 
transporting low latency X-DSL traffic between other DSPs for load balancing. The back- 
plane bus of the DSL AM also couples each line card to the Internet via server 108. Each 
of the DSL AM line cards operates under the control of a DSL AM controller 1 10 vMch 
handles global provisioning, e.g. allocation of subscriber lines to AFE and DSP resources. 
The various con^)onents on the line card form a plurality of logical modems each handling 
upstream and downstream communications across corresponding subscriber hues. When 
an X-DSL communication is established on a subscriber line, a specific channel identifier is 
allocated to that communication. That identifier is used in the above mentioned packet 
based embodimoit to track each packet as it moves in an upstream or downstream 
direction betweai the AFE and DSP. 

At the remote site a similar line card architecture is shown for line card 156 wtnch 
forms a plurality of logical modems connected to subscriber lines. That line card includes 
AFEs 158, a packet bus 160 and a DSP. In an alternate embodiment of the invention the 
termination at the remote site 150 would be a set of discrete modems each coupled to an 
associated one of the subscriber lines rather than the logical modem shown These 
modules, AFE and DSP, may be found on a single universal line card, such as line card 
1 16 in FIG. 2. They may alternately be displaced fi-om one another on separate line cards 
linked by a DSP bus. In still another embodimait they may be found displaced fi'om one 
another across an ATM network. There may be multiple DSP chipsets on a line card. In 
an embodiment of the invention the DSP and AFE chipsets may include structures set 
forth in the figure for handling of multiple line codes and multiple channels. 

In the operational phase upstream and downstream communication channels pass 
across the bus 122 between the AFEs 1 18-120 and the DSP. Each downstream packet 
passes directly fi-om the DSP to the appropriate AFE. Each upstream packet which is 
placed on the bus by the AFEs passes to the DSP- 
FIG. 2 shows atransport layer view ofthe system shown in FIG. 1. The central 
office 100 remote site 150 and subscriber lines 160 are shown. The central office 
accepts multiple TDM/SDM channels as well as packet based channels. These are 
input to corresponding buffers within buffer bank 210. The combined VDSL fi-amer 
206 and the payload fi-amer 208 operate to maintain TDM throughput in a manner 
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which will be discussed in the following FIGS. 3-5. The incoming TDM traffic 
operates off a Tl frame synchronizer. The downstream and upstream VDSL framer 
operates of a VDSL frame synchronizer. The payload framer loads the payload 
portion of the VDSL frame with packet based and TDM/SDM channels and maintains 
the throughput and synchronicity in doing so. In the embodiment shown the payload 
packet includes a packet portion 270 a start of frame header 270 and pointer 290. A 
series of TDM frame headers, one per channel, e.g. headers 274 and 278 proceed the 
corresponding DSOs 276 and 280. The end of the TDM p^load portion has an end of 
frame mark 282 This is followed by stuffing bits. At the remote site 150 similar 
elements exist. In the embodiment shown the deframing fimctions and synchronization 
functions are shown. The incoming VDSL frames are defamed by the combined 
VDSL and payload defran^rs 236 and 238. The p^load deframer places TDM frames 
in the ^propriate channel buffers. These are re-framed as TDM data within output 
buffer 242 whidi operates under control of phase synchronous Tl frame synchronizer 
252. 

FIG. 3 A shows successive frames in wdiich the time interval IR for the 
remaining bits and Is for the start bits are identified. These time intervals coincide with 
the VDSL clock readings at times 330 through 332 and 334 through 336 respectively. 

The Tl frame synchronizer 252 includes VDSL time registers 306, a remaining bit 
register 308, a pointer bit register 3 10 and error detector 304 and a frame aligner 302, 
the error detector utilizing processes set forth in the following FIG 5 determines the Tl 
frame error using headers in the payload discussed above. The time in which the VDLS 
clock registers the processing of the bits is con^ared with the required Tl time of 
125us and the error is used by the frame aligner to synchronize the Tl clock 300 and 
or the VDSL clock (not shown). The frame boundary is then resynchronized. 

Fig, 4 shows the processes associated with an embodiment of the p^load 
framer 208 shown in Fig. 2. Processing begins to start block 400. After initialization 
control passes to process block 402. The process block 402. In process 402 the 
current bit rate for the VDSL subscriber line is determined using the available symbol 
rate and the number of bits per symbol. The product will vaiy depending on the length 
of service, line quality, etc. Control then passes to process 404. 
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In process 404 a determination is made as to how many of the existing packet 
based and TDM channels the subscriber line can handle with an appropriate safety 
margin and with allowance for overhead associated with the payload packet structure 
discussed above. This determination involves comparing the demand for each channel, 
5 including for packet based channels the quality of service requirements, with the 
available bit rate calculated in process 404 above. All TDM channels must be 
delivered to the remote site at a rate vAnch allows synchronization of the TDM frames 
at the remote with the frames at the CO. The TDM timeframe in the case of Tl is 
125us per DSO, The Tl frame contains 193 bits per frame with 24 DSO time slots 
10 each of vdiich contain 1 byte. A VDSL frame, e.g. a DMT frame, is only 25us in length 
but has a high bandwidth and thus can carry from 1000 to 15000 bits in that time 
interval. Thus multiple packet based and TDM based channels may be carried in a 
single DMT frame. Once provisioning is con^)lete control is passed to process 406. 

In process 406 the p^load frame boundari^ are determined. This includes 
15 determining the #bits between synchronization flags, including all TDM headers. This 
sum equals the number of pointer bits and remaining bits shown in FIG, 3 A Control is 
then passed to decision process 408. 

In decision process 408 a determination is made as to \^dlat if any payload 
based channels will be included in the frame. This determination may be based on an 

20 estimate of the leftover space after accounting for all TDM channel requirements and 
the quality of service requirements for the existing packet based channels. If p^load is 
available control passes to process 410 in vAnch the packets are loaded in the p^load 
with their existing headers. Once packet loading is complete control passes to process 
412. In process 412 the remaining bits from the previous frame are determined. Then 

25 in process 412 the remaining bits are subtracted in process 414 from the number of bits 
within the frame boundary as computed in process 406 above. The resultant is the 
current value for the p^load pointer for the next payload header. The TDM payload 
header 272/372 (See FIG. 3A) is written to the p^load along with the bit pattern 
whidi will allow it to be recognized by the deframer at the remote site. Control is then 

30 passed to process 4 1 6. 

In process 416 the next TDM payload header for the next channel is written to the 
payload. This Channel header, e.g. header 274/278 (See FIG. 3A) includes a 
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recognizable bit pattern and a channel identifier Control is then passed to process 418 
in vMch the DSOs or bytes associated with the channel identified in the header is 
written to the payload. If the channel is provisioned for fi-actional Tl service then only 
the subscribed for number of DSOs or bytes are written to the p^load. If the channel 
5 is provisioned for Tl service then the number of DSOs or bytes \\4iich are written to 
the p^load is 24 bytes plus one control bit vAdch is equal to 193 bits for one complete 
firame. 

In decision process for 420 a determination is made as to wiiether aH provisioned 
channels have been packet in the payload with their corresponding channel headers. If 

10 not then control is passed to decision process 422 to determine if the payload has been 
overprovisioned. If it has not then control returns to process 416 for the placement of 
the next TDM header. Once all channels have been provisioned control returns to 
process 424. In process 424 an end of TDM p^load marker e.g. marker 282 (See 
FIG. 3 A) is placed in the fi-ame. Then the number of bits including TDM headers, 

15 p^loads and the marker is computed and added to the number of pointer value 

computed in process 414 above. If the sum is less than the number of bits confuted in 
process 406 for the fi-ame boundary then stuflSng bits are placed in the payload. 
Control then returns to process 408 for the next "round robin" provisioning of all 
channels on the next VDSL fi-ame. 

20 In another implementation of the above instead of serving higher priority channels 
first, all channels will be served in 125 us and then any higher priority channels will get 
the remaining payload capacity. In all embodiments the key item is the proper 
calculation of pointer \\4iich has to take into account all the header and routing bytes of 
each channel as well as stuffing bits and end of packet flag bits. It is also necessary to 

25 determine whether the pointer is looking forward or to its previous fi-ame. 

FIG. 5 show the processes associated with the Tl firame synchronizer 252 located 
at the remote site (see Fig. 2). These processes allow the remote Tl fi-ame 
synchronizer to be maintain syndironization with the CO Tl firame synchronizer. 
Processing begins at start block 500 from vitoch control is passed to decision process 
30 502. In decision process 502 a determination is made as to Aether a TDM header 
and associated TDM synch pointer has been encountered in the bit stream being 
processed by the payload defi-amer 238. If not, processing continues in process 504 
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using the existing VDSL clock from the VDSL frame synchronizer 244 for deframing 
the payload. When a pointer is encountered control is passed to process 506. In 
process 506 the bit value of the pointer is obtained and the start frame tin^ 334 (See 
FIG. 3 A) is obtained using the VDSL clock and stored in the time registers 306 (See 
5 FIG- 3 A). Then in process 508 the number of pointer bits determined in process 506 is 
stored in register 310 (See FIG. 3 A). Next in process 510 a count down counter is 
initialized with the pointer bit count determined in process 506 above. The down 
counter increments down one integer in value for each bit processed by the p^load 
deframer within the TDM portion of the payload. 

10 The bit streams of the various channels are processed, i.e. buffered in the 

corresponding channel buffers 240 and TDM demultiplexed in demultiplexer 242 (See 
FIG. 2). This continues until the downcounter has reached a null value as determined 
in decision process 514. When the downcounter reaches a null value the VDSL 
pointer time 330/336 is obtained from the VDSL frame syndi. The value of the 

15 current time is written to register 3 12 and the value of the start TDM frame interval Is 
is confuted and stored. Then in process 518 the total elapsed time, Ir + Is is 
determined by the VDSL time stamps in registers 306. This value is then compared in 
error detector 304 with the desired TDM frame interval of . 125us for exan^le. Any 
differ^ce between the two is an error or phase shift or TDM/SDM frame 

20 misalignment vAnch needs to be corrected. In process 520 a phase shift is introduced 
into the Tl frame synch clock 300 and/or the VDSL clock via the frame aligner 302 to 
remove this error. Next in process 522 a counter is started to count the remaining bits 
in the TDM portion of the payload. The TDM portion of the payload is the portion 
from header 272 through the end of the TDM payload and includes the stuffing bits 

25 and end of payload mark 282. The remaining bits are the number of bits from the 
synch pointer to the end of the TDM payload. When in decision process 524 the end 
of p^Ioad is encountered control is passed to process 526. In process 526 the VDSL 
end frame time 332 (See FIG. 3A) time for the end of the TDM frame is stored in 
registers 306 and Ir (See FIG. 3A) is computed. 

30 In alternate embodiments of the invention the pointer value is first stored in 
multiple counters equal to the number of channels. Each channel has its own 
independent framer clock. The value of pointer is then divided by a specific nxmiber 
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related to the portion of the payload capacity utilized by the channel These 
independent channels use the new value of pointer and run their frame independently. 

The foregoing description of a preferred embodiment of the invention has been 
presented for purposes of illustration and descriptioa It is not intmded to be 
exhaustive or to limit the invention to the precise forms disclosed. Obviously many 
modifications and variations will be apparatit to practitioners skilled in this art. It is 
intended that the scope of the invention be defined by the following claims and their 
equivalents. 

What is clamed is: 
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